Objective. Although diagnostic criteria for generalized ligamentous laxity (hypermobility) in children are widely used, their validity may be limited, due to the lack of robust descriptive epidemiologic data on this condition. The present study was undertaken to describe the point prevalence and pattern of hypermobility in 14-year-old children from a population-based cohort.
Joint hypermobility results from ligamentous laxity (1) and may occur in individuals with a primary genetic disorder affecting connective tissue matrix proteins (such as osteogenesis imperfecta or Marfan syndrome) or other syndromes, including trisomy 21, bony dysplasias, or velocardiofacial syndrome. In the majority of cases hypermobility exists as an isolated finding (referred to below as "generalized joint laxity"), but it may be associated with musculoskeletal symptoms such as pain and "clicking joints" in the absence of known genetic causes, in which case it is referred to as "hypermobility syndrome."
The extent to which generalized joint laxity is associated with significant clinical sequelae, including joint pain, is unclear, since previous studies linking generalized joint laxity with joint pain in school children had limitations related to sample size, methods of assessing hypermobility, and methods of assessing pain. Despite this, data from studies of school-based populations suggest that the prevalence of pain among children with generalized joint laxity ranges from 30% (2) to 55% (3) . An alternative view, namely, that generalized joint laxity as generally defined represents part of the normal population variance and that any association with joint pain is spurious (4) , is also plausible. Current understanding of the prevalence and descriptive epidemiology of generalized joint laxity in childhood is limited, making it difficult to draw clear conclusions about causal pathways.
The reported prevalence of generalized joint laxity in children ages 6-15 years varies between 8.8% (5) and 64.6% (6) . One explanation for the wide range of these prevalence estimates is that previous studies have been performed on selected populations (5) (6) (7) (8) (9) (10) (11) (12) . For example, some studies used preschool children ages 4-7 years (6), others used children ranging in age from 5 to 17 years and from a single school, with the report including no explanation of recruitment methods (5, 12) , and sample sizes in previous studies were generally small, ranging from 364 children (9) to 2,432 children (5) . All of these points reflect the fact that true population-based studies have not previously been undertaken.
Another explanation for the widely varying estimates of prevalence relates to differences in definitions. All of the above-mentioned studies used the method of examining and scoring for hypermobility developed by Beighton et al (13) . The Beighton score was devised in South Africa and based on 1,083 Tswana Africans (adults and children), adapting a score previously described (in 1960) by Carter and Wilkinson (14) . The Beighton score has subsequently been used internationally to define generalized joint laxity in all populations and all age groups. Most of the available prevalence studies used different cutoffs, ranging from Ն3 hypermobile joints to Ն6 hypermobile joints of 9 assessed (both thumbs, both little fingers, both elbows, both knees and the trunk) (Figure 1) , and in some, only the dominant side was assessed. The most frequent choice of cutoff was Ն4 hypermobile joints.
Although there is some published information about the descriptive epidemiology of generalized joint laxity, the studies were largely performed in selected groups, making it difficult to draw definitive broad conclusions. For example, generalized joint laxity is thought to be more common in girls compared to boys (5, 9, 15) . There is also a suggestion that ethnic background can influence hypermobility (16, 17) and that generalized joint laxity is more common in ballet dancers (18) , musicians (19) , gymnasts (20) , and swimmers (21) . Contradictory results from some small studies have demonstrated greater degrees of joint laxity in either the dominant limb (22) or the nondominant limb (23) . A lack of association with body weight has been reported consistently (8, 24, 25) .
It is also widely believed that younger children are more flexible than adolescents (26) , but there is very little literature to support this. For example, one rigorous population-based study from Sweden (15) investigated 1,845 children ages 9, 12, or 15 years from 48 geographically randomly selected schools and showed that at all ages, girls had a higher degree of generalized joint laxity as assessed by the modified Beighton criteria. However, joint laxity in boys decreased with increasing age, whereas girls had the highest degree of general joint laxity at the age of 15 years. Similarly, a study of high school basketball players (27) showed that after the onset of puberty, girls exhibited greater joint laxity than boys. Conversely, other studies have shown no decline in generalized joint laxity with age (28) .
Therefore, to provide a basis for exploring relationships between generalized joint laxity and clinical sequelae, we aimed to define the prevalence and descriptive epidemiology of this condition. We performed a cross-sectional analysis of subjects in the Avon Longitudinal Study of Parents and Children (ALSPAC), based on Beighton scores obtained at the ALSPAC research clinic for 14-year-olds.
SUBJECTS AND METHODS
Study design and population. This was a crosssectional analysis of a large population-based cohort, the ALSPAC. The ALSPAC (www.alspac.bris.ac.uk) is a geographically based UK cohort study for which pregnant women residing in Avon (southwest England) with an expected date of delivery between April 1, 1991 and December 31, 1992 were recruited (29) . A total of 14,541 pregnant women were enrolled, with 14,062 children born. Of these births, 13,988 children were alive at age 12 months. The study is based on 6,022 children who attended the research clinic for 14-yearolds and had hypermobility data collected. Compared to the complete cohort, those included in this study of generalized joint laxity were more likely to have mothers educated to a university degree level or higher (17.1%, versus 9.4% of mothers of children not included in this analysis; P Ͻ 0.001). Ethics approval was obtained from the ALSPAC Law and Ethics Committee and the local research ethics committees. Parental consent and child's assent were obtained for all measurements.
Measurement of generalized joint laxity. Generalized joint laxity was assessed by trained measurers in the research clinic for 14-year-olds, using the modified Beighton 9-point scoring system (13) . Each joint was assessed separately ( Figure  1 ). The fifth metacarpophalangeal joint was scored as hypermobile if it could be extended Ͼ90 o , the thumb was scored as hypermobile if it could be opposed to the wrist, the elbows and knees were scored as hypermobile if they could be extended Ͼ10 o , and the trunk was scored as hypermobile if both palms could be placed flat on the floor with the knees straight. Scores were recorded for the individual joints, and a total score (of a maximum of 9) was ascertained. A cutoff of Ն4 hypermobile joints was used to define generalized joint laxity, based on the cutoff most commonly cited in the literature (6) (7) (8) (9) . In addition, a more extreme phenotype was selected, with a cutoff of Ն6 hypermobile joints (reported to be the median number in children with any hypermobile joints [4] ) to allow simple sensitivity-type analyses for confirming any associations found.
Other measures. Anthropometric features. At the research clinic for 14-year-olds, height was measured to the last complete millimeter, using a Harpenden stadiometer. Weight was measured to the nearest 50 gm using a body fat analyzer (model TBF 305; Tanita). Body mass index (BMI) was calculated as kg/m 2 and subjects were categorized as underweight (BMI Ͻ18.5), ideal weight (BMI 18.5-24.9), overweight (BMI 25-29.9), or obese (BMI Ͼ30) based on standard definitions.
Physical activity. Physical activity was measured objectively using an actigraph (model WAM 7164; MTI), for up to 7 days. For the purposes of this study, physical activity was categorized as Ն60 minutes versus Ͻ60 minutes of moderate and/or vigorous physical activity per day. This categorization has been previously described in detail (30) . Briefly, a cut point of Ͼ3,600 counts per minute was used after calibration was performed in a subgroup of 260 children in whom these count frequencies were associated with oxygen consumptions of Ͼ4 metabolic equivalents (the ratio of the associated metabolic rate for the specific activity divided by the resting metabolic rate).
Socioeconomic status. The mother's highest education level was assessed at 32 weeks' gestation and was coded 1-5 where 1 ϭ no formal qualifications or the lowest level of school educational qualification, 2 ϭ vocational qualifications, 3 ϭ O levels (generally gained at school by age 16 years), 4 ϭ A levels (generally gained at school by age 18 years), and 5 ϭ university degree. Other measures of the children's socioeconomic status, such as father's education, mother's and father's social class, and housing tenure where not used in this analysis as they yielded results similar to those obtained with the use of maternal education alone, as shown in a previous study on this cohort (31) .
Others. Age was calculated from date of birth. Sex was ascertained from birth records. Hand dominance, or handedness, was recorded from data collected at research clinics the children attended at ages 7, 9, and 11 years as this is considered a stable trait. Puberty was assessed at age 13 using selfcompletion Tanner staging based on pubic hair distribution. The mother's, father's, and grandparents' race and ethnic group was recorded by the mother on self-reported questionnaires sent out at ϳ32 weeks gestation, and based on this information, the child was categorized as white or nonwhite.
Statistical analysis. All statistical analyses were carried out using Stata 11. Simple percentages were calculated for the point prevalence and pattern of generalized joint laxity. Chisquare tests were used to assess associations between binary variables and the presence or absence of generalized joint laxity. Logistic regression was used to analyze trends in associations between categorical variables and the presence or absence of generalized joint laxity. To evaluate the strength of associations, odds ratios (ORs) (with 95% confidence intervals [95% CIs]) for the presence or absence of generalized joint laxity according to each of the variables were calculated by logistic regression analysis. Multivariable logistic regression was used to evaluate independent associations. Interactions between sex and BMI were assessed by likelihood ratio test.
RESULTS
The prevalence of generalized joint laxity, as defined using a Beighton score cutoff of Ն4 joints, in this population of 6,022 children (mean age 13.8 years) was 19.2%. The prevalence was higher among girls than among boys (27.5% versus 10.6%; P Ͻ 0.001). When a more rigorous cutoff was used (Ն6 joints), the prevalence was 4.2% (7.0% in girls, 1.3% in boys; P Ͻ 0.001).
The distribution of hypermobile joints in the overall study population is shown in Table 1 . The fingers were most likely to be hypermobile, followed by the thumbs. Knee, elbow, or trunk hypermobility was seen in ϳ9% of the children. However, in girls, trunk hypermobility was more prevalent than elbow and knee hypermobility (15%, 13%, and 11%, respectively), while in boys, trunk hypermobility was unusual, with only 50 of 2,961 boys (1.7%) able to place both palms flat on the floor with the knees straight. Hypermobility of the thumb, knee, and elbow was found in 15%, 7%, and 4%, respectively, of the boys in the study. Among the children with hypermobility defined as Ն4 joints (n ϭ 1,156), 85% had hypermobile fingers, 75% had hypermobile thumbs, and 29% had hypermobile knees (Table  2 ). Sex differences were seen, with 26% of the 842 girls with hypermobility exhibiting hypermobility of the trunk and 31% exhibiting hypermobility of the elbows, and only 4% and 21% of the 314 boys with hypermobility exhibiting hypermobility of the trunk and elbows, respectively.
The basic descriptive characteristics and potential confounding variables of generalized joint laxity in Table 1 . Point prevalence of hypermobility at each of the 9 sites used in the modified Beighton criteria, based on the full study population at age 13.8 years this cohort are shown in Table 3 . There was no age difference between those with and those without generalized joint laxity (results not shown). Because there was evidence of an interaction between BMI and sex (P Ͻ 0.001), associations were assessed separately for boys and girls. None of the variables assessed showed any HYPERMOBILITY AMONG UK CHILDRENassociation with generalized joint laxity in boys (Table 4). In girls (Table 5) , there was a positive association between BMI and presence of generalized joint laxity defined using a cutoff of Ն4, both without adjustment and after adjustment for all other variables (handedness, puberty, physical activity, ethnicity, and maternal education): girls who were obese were 2.7 times more likely to be hypermobile (adjusted OR 2.70 [95% CI 1.24-5.88]) compared to girls who were underweight. There was a suggestion of a similar direction of association when generalized joint laxity was defined using a cutoff of Ն6, but only from underweight through normal weight to overweight; obesity was not associated with hypermobility of Ն6 joints (although this analysis was based on only 69 girls). No other associations were seen using a cutoff of Ն4 to define generalized joint laxity.
When generalized joint laxity was defined using a cutoff score of Ն6, a strong positive association between physical activity and generalized joint laxity was seen, with girls performing moderate or vigorous physical activity for Ͼ60 minutes per day being almost 3 times more likely to be hypermobile, after adjustment for all other variables (OR 2.87 [95% CI 1.04-7.91]). A trend toward a similar association was seen when generalized joint laxity was defined using a cutoff of Ն4 joints. A positive association with increasing maternal education was also seen (OR for presence of generalized joint laxity in girls whose mothers had a university degree 3.13 [95% CI 1.18-8.36] compared to girls whose mothers had no formal education). There was a trend toward a similar association in those with generalized joint laxity defined using a cutoff score of Ն4, after adjustment for all other variables. * No signficant associations with any of the variables were identified. OR ϭ odds ratio; 95% CI ϭ 95% confidence interval; NA ϭ not available (analysis could not be performed because of small numbers) (see Table 3 for other definitions). † Adjusted for all other variables shown.
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DISCUSSION
In this first population-based cohort study of generalized joint laxity in children from the UK, the prevalence of generalized joint laxity in girls and boys age 13.8 years was 27.5% and 10.6%, respectively, when the commonly used cutoff of Ն4 hypermobile joints from the modified Beighton 9-point scoring system was used. This provides the first population-based point prevalence data on 14-year-old children from the UK, and the data fit well with estimates previously reported in the literature (being approximately mid-range in relation to the other estimates). Girls were more likely to be hypermobile at the fingers, thumbs, and trunk, whereas boys were most often hypermobile at the fingers, thumbs, and knees. More than 40% of girls showed hyperextensibility at the little finger, leading to the conclusion that this may be normal in a teenage population. Similarly, Ͼ30% of girls scored positively for thumb apposition.
It is interesting that the lumbar spine was considerably less hypermobile, particularly in boys. This may be explained by the fact that the majority of lumbar flexion is a combination of hamstring extension and actual vertebral flexion (32) , and short hamstrings have been associated with reduced lumbar flexion in men (33) . It is possible that short hamstrings may have contributed to a perceived reduction in lumbar flexion, and could explain the low prevalence of lumbar hypermobility among boys in our study.
This study also provides the first reported * P values that were significant in tests for trend are shown. OR ϭ odds ratio; 95% CI ϭ 95% confidence interval (see Table 3 for other definitions). † Adjusted for all other variables shown. ‡ P Ͻ 0.05.
population-based basic descriptive characteristics and information on associations with potential confounding variables in generalized joint laxity in adolescents. No associations were found in boys, possibly because of small numbers. However, among girls, generalized joint laxity was shown to be positively associated with levels of physical activity, BMI, and mother's education level. Girls who underwent Ͼ60 minutes of moderate to vigorous physical activity per day were almost 3 times as likely to have generalized joint laxity than those who were not active. We are unable to provide evidence that certain sports are associated with generalized joint laxity because our method of assessing activity was by accelerometry, which does not distinguish between activity types. Nonetheless, as children who do gymnastics or ballet, for example, are likely to be generally more active than children who do not (34), our study supports the results from previous studies showing that children who have a higher range of joint movement may be involved in certain sports or music activities (18) (19) (20) (21) . Among girls in the present study, those whose mothers had a university degree were ϳ3 times as likely to have hypermobility than those whose mothers had no formal education. This is in direct contrast to the findings in a previous study from Mumbai, India (35) , in which moderate and severe malnutrition were associated with generalized joint laxity, suggesting that lower socioeconomic level may be a factor. Conversely, our study suggests that in the UK, lifestyle choices of families in which the mothers have a university degree are associated with generalized joint laxity in the children. For example, ballet dancing or gymnastics may either maintain the presence of hypermobility or perhaps promote hypermobility through forced hyperextension.
We also found an independent positive association between BMI and generalized joint laxity in girls when generalized joint laxity was defined using a cutoff of Ն4, and a suggestion of a similar association when a cutoff of Ն6 was used. This is in direct contrast to the results of previous studies in which no association between joint hypermobility and BMI was demonstrated (8, 24, 25) . However, those earlier studies had much smaller study populations than the present study, and therefore had less power to assess this relationship clearly.
In our study, there was little evidence for laterality of hypermobility, consistent with the findings of one previous small study but in contrast to another (22, 23) . In addition, there was no evidence of an association with ethnicity, although only a small proportion of the ALSPAC cohort is nonwhite (3.7%). Interestingly, we also showed no association with either age or puberty. This is consistent with results of the largest of the previous studies (15) , but contradicts the generally held belief that generalized joint laxity lessens with aging and growth during childhood. Although the small age range among the subjects in our study might have explained the lack of association with age, we had sufficient numbers of children in each stage of puberty, and thus any relationship between maturational status and joint hypermobility would have been evident had one been present. A further limitation of our study includes loss of a large proportion of the original ALSPAC cohort, which may have introduced bias, for example, by a preferential dropout of children from families of lower socioeconomic status. In common with all observational studies, we cannot exclude confounding and chance, and in this report we describe associations but are not attempting to comment on temporal relationships or causality.
In conclusion, using the standard cutoff of Ն4 hypermobile joints, 1,156 of the 6,022 school-age children in the present study would currently receive a diagnosis of generalized joint laxity. This suggests that a Beighton score of 4 is too low a cutoff for use in identifying children with a pathologic entity. Increasing the threshold for diagnosing this condition, for example by raising the Beighton score cutoff, should result in a smaller proportion of children being diagnosed, in whom risk factors and pathologic sequelae may be easier to detect. We found stronger evidence of associations with physical activity and maternal education when generalized joint laxity was defined based on a Beighton score cutoff of Ն6 compared with Ն4. A reasonable alternative to raising the Beighton score cutoff for diagnosis of generalized joint laxity might be to exclude digits from the definition, since hypermobility of the little finger is essentially normal given its presence in Ͼ40% of girls. Finally, there may be a need to devise a new, more specific assessment tool to evaluate joint laxity in the developing musculoskeletal system-one that can be used to identify children at risk of symptoms such as pain and pathology such as connective tissue disease and, as importantly, to reassure those who do not need further medical intervention.
